The Lorentz factor of a relativistic jet and its evolution during the jet expansion are difficult to estimate, especially for the jets in gamma-ray bursts (GRBs). However, it is related to the understanding of jet physics. Owing to the absorption of two-photon pair production (γγ↔e + e − ), a high-energy spectral cutoff may appear in the radiation spectrum of GRBs. We search such kind of high-energy cutoff in GRB 160625B, which is one of the brightest bursts in recent years. It is found that the highenergy spectral cutoff is obvious for the first pulse in the second emission episode of GRB 160625B (i.e., ∼ 186 − 192 s after the burst first trigger), which is smooth and well-shaped. Then, we estimate the Lorentz factor and radiation location of the jet shell associated with the first pulse in the second emission episode of GRB 160625B. It is found that the radiation location increases with time. In addition, the Lorentz factor remains almost constant during the expansion of the jet shell. This reveals that the magnetization of the jet is low or intermediate in the emission region, event though the jet could be still Poynting flux dominated at smaller radii to avoid a bright thermal component in the emission episode.
INTRODUCTION
Gamma-ray bursts (GRBs) are the most powerful explosions of γ-rays in the Universe. It was early realized that the phenomena of GRBs are associated with an ultrarelativistic jet (Krolik & Pier 1991; Fenimore et al. 1993; Woods & Loeb 1995; Baring & Harding 1997) . However, the Lorentz factor (Γ) evolution of an expanding GRB jet was not observed since the discovery of GRBs in the late 1960s. A GRB jet can be either matter dominated or Poynting flux dominated. A matter dominated GRB jet, also called "fireball", expands under of its thermal pressure. The Thomson scattering optical depth decreases during the jet expansion and the thermal photons are released near the photosphere. Then, a bright quasi-thermal spectral component, usually accompanied with a non-thermal component formed in the internal shocks, is expected (Goodman 1986; Paczynski 1986; Thompson 1994; Mészáros & Rees 2000; Rees & Meszaros 1994; Mészáros et al. 2002; Toma et al. 2011; Pe'er et al. 2012) . In a Poynting flux dominated jet, the magnetic energy is discharged via magnetic reconnection (e.g., Spruit et al. 2001; Drenkhahn & Spruit 2002; Giannios 2008; Zhang & Yan 2011; McKinney & Uzdensky 2012; Kumar & Crumley 2015; Sironi et al. 2016; Beniamini & Granot 2016; Granot 2016 ) . A part of the dissipated magnetic energy is used to accelerate the jet to the high Γ and the other accelerates electrons to relativistic energies. The accelerated electrons gyrate in the magnetic fields and thus the photons are formed via synchrotron or inverse-Compton radiation processes. The radiation of a Poynting flux dominated jet is associated with the acceleration of the jet. This behavior is different from the radiation behavior in the internal shocks, of which the Lorentz factor remains almost constant. Thus, a direct observation of the Lorentz factor and its evolution during the jet expansion can help to clarify the jet physics in GRBs.
Several methods have been proposed to infer the Lorentz factor of a GRB jet. The widely used method is based on the onset bump of the afterglows (Sari & Piran 1999; Liang et al. 2010 Liang et al. , 2015 Ghirlanda et al. 2012) , of which the peak time is related to the bulk Lorentz factor Γ 0 of the jets after producing the prompt γ-rays. This value can be somewhat smaller (for internal shocks) or larger (for Poynting flux dissipation, Zhang & Zhang 2014 ) than that measured during the prompt phase. Moreover, the value of Γ 0 corresponds to the mean value of jets' Lorentz factor after the prompt emission phase and could not provide any information about the Γ evolution of an expanding jet shell. The high-energy spectral cutoff induced by the absorption of two-photon pair production (γγ↔e + e − ) is also used to estimate the Lorentz factor of GRB jet (Krolik & Pier 1991; Fenimore et al. 1993; Woods & Loeb 1995; Baring & Harding 1997; Lithwick & Sari 2001; Baring 2006; Ackermann et al. 2011 Ackermann et al. , 2013 Tang et al. 2015) . Different from the first method, the information about the Lorentz factor evolution during the jet expansion can be inferred in this method. Thanks to the broadband spectral coverage of the Gamma-ray Burst Monitor (GBM, Meegan et al. 2009 ) and the Large Area Telescope (LAT, Atwood et al. 2009 ) instruments onboard the Fermi satellite, the search for such a high-energy spectral cutoff becomes possible (Ackermann et al. 2011 (Ackermann et al. , 2013 Tang et al. 2015) . We search such kind of high-energy spectral cutoff in GRB 160625B, which is one of the brightest bursts in recent years. It is found that the high-energy spectral cutoff is obvious for the first pulse in the second emission episode of GRB 160625B (i.e., ∼ 186 − 192s after the burst first trigger), which is very smooth and well-shaped (see Figure 1) . Then, we estimate the Lorentz factor and radiation location of the jet shell associated with the first pulse in the second emission episode (FP2EE) of GRB 160625B.
The paper is organized as follows. The data reduction and joint spectral fittings are performed in Section 2, where we focus our attention on the FP2EE of GRB 160625B. According to the obtained results from joint spectral fittings, the Lorentz factor and radiation location of the radiating jet shell associated with the FP2EE are estimated in Section 3. Here, we assume that the two-photon pair production is responsible for the formation of the high-energy spectral cutoff. In Section 4, we summarize our conclusion.
DATA REDUCTION AND JOINT SPECTRAL FITTINGS
In our spectral analysis, we use the data from both the GBM and LAT instruments. GBM has 12 sodium iodide (NaI) scintillation detectors covering the 8 keV-1 MeV energy band, and two bismuth germanate (BGO) scintillation detectors being sensitive to the 200keV-40MeV energy band (Meegan et al. 2009 ). The brightest NaI and BGO detectors are used for our analyses. For the data from LAT instruments, LAT Low Energy data (LLE Pelassa et al. 2010; Ajello et al. 2014 ) are used in our spectral analysis. The LLE data are obtained by adopting LLE technique (Pelassa et al. 2010; Ajello et al. 2014) , which is designed to study bright transients in the ∼ 30 MeV-1 GeV energy range and was successfully applied to GRBs (Tang et al. 2015; Guiriec et al. 2015; Moretti & Axelsson 2016; Burgess et al. 2016 ) and solar flares (Ackermann et al. 2012; Ajello et al. 2014 ) in spectral analysis. The python source package gtBurst 1 is used to extract the light curves and source spectra of GBM and LLE from their TTE data, respectively. Our obtained light curve of the second emission episode in GRB 160625B is shown in Figure 1 , where t obs is the observer time by setting t obs = 0 at the burst first trigger (i.e., 22:40:16.28 UT on 25 June 2016 Burn 2016 . For the discussions about this burst, one can refer to, e.g., Troja et al. (2017) , Lü et al. (2017) , Fraija et al. (2017) Wang et al. (2017) , Alexander et al. (2017) , Zhang et al. (2018) , and Ravasio et al. (2018) . From Figure 1 , one can find that the FP2EE (i.e., ∼ 186 − 192 s, marked with the two vertical dashed lines) of GRB 160625B is very smooth and well-shaped, which is very different from the light curve formed in the photosphere, e.g., GRB 090902B (Abdo et al. 2009a ). Then, we would like to believe that the FP2EE of GRB 160625B is formed in an expanding jet shell. The facts used to support this idea will be summarized in the end of Section 3.
The high-energy spectral cutoff induced by the absorption of two-photon pair production can be used to estimate the Lorentz factor and radiation location of a GRB jet. Then, we search such kind of high-energy spectral cutoff inwith
The time intervals (∈ [186, 192] s) for our spectral analysis can be found in Table 1 . The joint spectral fittings are shown in Figure 2 and the obtained results are reported in Table 1 . One can find that the Band+cutoff model well describes the observational data. In addition, the high-energy spectral cutoff is obvious in each time interval. We would like to point out that it is safe to use the LLE data in the spectral analysis for the FP2EE in GRB 160625B. The reasons are shown in Appendix A.
ESTIMATION OF Γ AND R
In the scenario that the two-photon pair production is responsible for the formation of the high-energy spectral cutoff, one can estimate the value of Λ(t obs ) ≡ R(t obs )/[2Γ(t obs )]
2β (see Appendix B for details), i.e.,
where R(t obs ) is the radiation location of the jet shell (relative to the jet base) at t obs , Γ(t obs ) is the Lorentz factor of the jet shell at t obs , z = 1.406 (Xu et al. 2016 ) and d L = 3.11 × 10 28 cm are the redshift and the luminosity distance of GRB 160625B, and σ T , m e , and c denote fundamental physical constants with conventional meanings. The F (β) is a function of β (Abdo et al. 2009b ) and can be described as F (β) ≈ 0.597(−β) −2.30 for −2.90 β −1.0 (Ackermann et al. 2011) . For the details of F (β), one can refer the Supporting Online Material of Abdo et al. (2009b) . The value of Λ(t obs ) is reported in Table 1 and shown in Figure 3 . From this figure, one can find that the value of Λ increases by four orders of magnitude for the observer time from 187 s to 191 s. This behavior is the nature outcome of an expanding jet shell and difficult to be realized for the photospheric emission. Then, we assume that the FP2EE of GRB 160625B is formed in an expanding jet shell. The facts used to support this assumption will be summarized in the end of this section.
During the shell's expansion over δt obs , the jet shell moves from R(t obs ) to R(t obs + δt obs ). In this process, one can have the relation: dt obs = dR/2Γ 2 c 3 , or,
With Equation (3) and a given Γ try = Γ(t obs = 186.83s), one can calculate the value of R(t obs ) and Γ(t obs ) at t obs = 186.83s by utilizing the value of Λ(t obs ) and β(t obs ) at different t obs . Since the value of Γ try could not be obtained previously, we take Γ try = 25, 50, 100, 125, 250, and 500 for our discussion. The obtained Γ(t obs ) and R(t obs ) at different t obs ( = 186.83s) can be found in Figure 4 , where the black " ", red "•", blue " ", black " ", red "•", and blue "△" symbols represent the situations with Γ try =25, 50, 100, 125, 250, and 500, respectively. Figure 4 suggests that the value of R is proportional to t obs . Then, we perform a linear fit on the R − t obs relation for different Γ try . The lines of best fit are shown in the right panel of Figure 4 and the fitting results are presented in the caption of this figure. One can find that the value of R is linearly related to t obs . This behavior is consistent with the scenario of an expanding jet shell. The value of Γ(t obs ) remains almost constant during the expansion of the jet shell and this behavior does not present significant dependence on the value of Γ try . Then, we conclude that the Lorentz factor of the jet shell associated with the FP2EE is not changed during its expansion. If the acceleration/deceleration of the jet shell can be described as Γ = Γ 0 (R/R 0 ) s , one can find the best fitting result of Γ 0 , R 0 , and s by minimizing the value of χ 2 , where
Λ err,log is the statistical error of log(Λ), i.e., Λ err,log = Λ err /(Λ ln 10) with Λ err being the statistical error of Λ, and
is the model value calculated based on the value of Γ 0 , R 0 , and s. The Λ mod (t obs ) is estimated as follows. Based on the relation of Γ = Γ 0 (R/R 0 ) s , one can have the relation of (Lin et al. 2017 )
or,
(1 − 2s)
where t 0 = 186.83 s,
With the relation of R mod and t obs , i.e., Equation (6), one can easily find the value of Λ mod at different observer time t obs . The python source package SciPy 4 is used to minimize the χ 2 in Equation (4) by implementing the downhill simplex algorithm. The best fitting result is shown in Figure 3 with red line and read as Γ 0 = 58, R 0 = 8.27 × 10 16 cm, and s = 9.08 × 10 −4 with χ 2 = 8.42. This result is consistent with a coasting jet.
As the end of this section, we now summary the reasons for the assumption that the FP2EE of GRB 160625B is formed in an expanding jet shell rather than a streaming outflow: (I) The FP2EE is very smooth and well-shaped (see Figure 1) , which is very different from the light curves formed in a photosphere, e.g., GRB 090902B (Abdo et al. 2009a) . However, smoothness only should not be regarded as a definite criterion. (II) The value of Λ(t obs ) increases with time even in the situation that the observed flux decreases significantly. In addition, the value of Λ(t obs ) increases by four orders of magnitude from the beginning to the end of the FP2EE. These behaviors are very difficult to be realized for the radiation from a streaming outflow.
CONCLUSION
In short, we perform a direct estimation of the Lorentz factor and its evolution for an expanding jet shell in GRBs. We find that the Lorentz factor of the jet shell associated with the FP2EE in GRB 160625B remains almost constant during the jet expansion. This implies that the magnetization of the jet shell associated with the FP2EE is low or intermediate in the emission region. With the greatly increased in the spectral coverage, our method used to estimate the evolution of Lorentz factor for an expanding jet shell would promote the understanding of the jet dynamics in GRBs.
The magnetic fields in a jet can be dissipated or amplified as the jet expands. Then, the magnetization of a jet would be a function of the radius. What we have derived is that the magnetization parameter is low or intermediate in the emission region rather than in the jet launching region. It is still possible that the jet being responsible for the FP2EE may be initially Poynting flux dominated at smaller radii. With certain initial parameters at the central engine, it is possible that the jet is initially Poynting flux dominated but then matter dominated in the emission region (e.g., Gao & Zhang 2015) . The thermal emission from the jet launched with such kind of initial parameters would be significantly suppressed. Our spectral fittings reveal that the spectrum in each time interval of the FP2EE is well described with a Band+cutoff spectral model rather than a quasi-thermal spectral model (e.g., Abdo et al. 2009a) or a mixture of thermal and non-thermal emission model (e.g., Ryde 2005; Guiriec et al. 2011; Axelsson et al. 2012; Guiriec et al. 2013; Arimoto et al. 2016) . Then, the jet associated with the FP2EE may be still Poynting flux dominated at smaller radii in order to avoid a bright thermal component in the FP2EE. 16 190.29 [190.12, 190 .48] −0.78 ± 0.03 −2.51 ± 0.05 686 ± 56 139 ± 55 12.6 ± 1.5 (2.69 ± 2.10) × 10 27 1. 06 190.52 [190.32, 190.74 Figure 2 . Spectrum fitting in different time interval for the FP2EE of GRB 160625B, where the Band+cutoff spectral model is adopted in our spectral fitting. The data of NaI, BGO, and LLE are shown with black, red, and green "+" symbols, respectively. The complete figure set (25 images) is available in the online journal. Figure 3. Dependence of Λ on t obs , where the red line is the best fitting result by minimizing the χ 2 in Equation (4) In this work, we perform joint spectral fittings of the NaI, BGO, and LLE data, of which the obtained results are used to estimate the Γ and R of an expanding jet shell. We would like to point out that it is safe to use the LLE data in the spectral analysis for the FP2EE in GRB 160625B. The reasons are shown as follows.
We perform a joint spectral fitting of the NaI, BGO, and LAT/LLE data for the FP2EE of GRB 160625B. Here, we use the LAT Pass 8 data, which is reduced by using the ScienceTools-v10r0p5-fssc-20150518A-source package and the P8R2 TRANSIENT020E V6 response function 5 . The fitting is shown in the left/right-top panel of Figure 5 and the obtained result is reported in the second/third row of Table 5 . By comparing the values in the second row with those in the third row of Table 5 , one can conclude that the result from the NaI+BGO+LLE joint spectral fitting is consistent with that from the NaI+BGO+LAT joint spectral fitting. Since the number of the observed LAT photons is low, the NaI+BGO+LAT joint spectral fitting is only carried out in the time interval [187.20, 190.22 ] s rather than a shorter time interval. We also perform joint spectral fittings of the NaI, BGO, LLE, and LAT data in three time intervals, i.e., [187.20, 188.92] s, [188.00, 189.50] s, and [188.92, 190.22] s. The fittings are shown in Figure 5 and the obtained results are reported in Table 5 . One can easily find that the LLE data smoothly connect with the BGO data at ∼20 MeV (see also Figure 2 ) and the LAT data at ∼100 MeV. By comparing the results in Table 5 with those in Table 1 , the results from the NaI+BGO+LLE spectral fitting are consistent with those from the NaI+BGO+LLE+LAT spectral fitting. Then, it is safe to use the LLE data in the spectral analysis for the FP2EE in GRB 160625B. It should be noted that the high value of χ 2 r reported in Table 5 is owing to the strong spectral evolution, which can be found in Table 1 . 5 For detailed information about the LAT GRB analysis, please see the NASA Fermi Web site. In this section, we present the derivation process of Equation (2). We first introduce two frames: the observer frame and the comoving frame of the shell, denoted by a prime, which is boosted radially with a Lorentz factor Γ relative to the observer frame. The radiation spectral power from per unit solid angle of the jet shell in the comoving frame of the shell is assumed as P
Without considering the absorption of two-photon pair production, the photon density in the jet shell comoving frame can be described as
where R is the radius of the shell from the central engine, c is the light velocity, and 4πR 2 c × 1s is the filling volume for photons produced in one second. Provided that the photons are emitted isotropically in the fluid frame, the received power (without considering the absorption of two-photon pair production) into a solid angle δΩ in the direction of the observer is given as
where d L is the luminosity distance and D is the Doppler factor of the emitter. With Equations (B1) and (B2), the total observed photons (without considering the absorption of two-photon pair production) at time t obs can be described as
where EATS is the equal-arrival time surface corresponding to the same observer time t obs and E ch = 2ΓE ′ ch /(1 + z). In Equation (1), we describe the photon spectrum without considering the absorption of two-photon pair production as
Then, one can have
and
It should be noted that Equation (B6) is the same as the equation (3) in the Supporting Online Material of Abdo et al. (2009b) . For the equation (3) in the Supporting Online Material of Abdo et al. (2009b) , the factor of (1 + z)W ′ /(Γc) with W ′ being the jet shell width is the duration of observations. The photoabsorption optical depth of high energy γ-rays (ε ′ ) from lower energy photons emitted cospatially in the jet shell is given by (e.g., Zhang et al. 2019) 
Here, θ ′ is the incident angle, ε ′ c is the lowest photon energy to perform pair production with ε ′ photons, i.e.,
2 , W ′ is the jet shell width in the comoving frame, η( 1) describes the fraction of W ′ making contribution to the pair production, σ γγ (ε ′ , E ′ , θ ′ ) = σ T g(y) with
and m e and σ T are the electron mass and Thomson cross section, respectively. With
where
By taking W ′ = R/(2Γ) and setting τ γγ (E c ) = 1, one can have
where η = 1/2 is adopted. We would like to point out that Gupta & Zhang (2008) was first suggested that the pair cutoff energy depends on both Γ and R.
C. Γ ESTIMATED BY ADOPTING DIFFERENT DIVISION METHOD ON THE FIRST PULSE IN THE SECOND EMISSION EPISODE
We also estimate the value of Γ by adopting different division method on the FP2EE. The time intervals, the joint spectral fitting results, and the value of Λ in each division method are shown in Table 3 . It can be found that the results reported in Table 3 are consistent with those in Tables 1. With Equation (3) and a given Γ try = Γ(t obs = 186.83s), we estimate the value of Γ at different t obs ( = 186.83s). The results are shown in Figure 6 . One can find that the results shown in this figure are consistent with those in Figure 4 . Then, our obtained Γ and its evolution with time are robust. 
